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The r e s u l t s  a r e  given of a chemica l  s tudy of one of the f rac t ions  of ammon ium pec ta te ,  PAP-12 
with a m o l e c u l a r  weight of  18,000, obtained f r o m  s u g a r - b e e t  pulp. PAP-12 contains main ly  D-  
ga lac turonic  acid r e s idues  in the py ranose  f o r m  l inked by a - l - - 4  bonds,  and a lso  r h a n m o s e ,  
ga l ac to se ,  and t r a c e s  of a rab inose .  

A p repa ra t ion  of a m m o n i u m  pec ta te  has  been i so la ted  p rev ious ly  f r o m  s u g a r - b e e t  pulp [1, 2 ] .  In the p r e s -  
ent pape r  we give the r e su l t s  of a study of one of the f rac t ions  of the a m m o n i u m  pec ta t e  - PAP-12.  It cons i s t s  
of a g r a y i s h - w h i t e w a t e r - s o l u b l e  powder ,  [a]D 2° +218 +10 ° (c 1.0; water) ,  which is  p rec ip i t a t ed  comple te ly  by 
Cetavlon and by a luminum sulfate .  PAP-12 contains  85.6% of uronic  anhydr ide ,  de t e rmined  by a method d e -  
s c r ibed  e l sewhere  [3], and 1.38% of  methoxy groups .  

The comple t e  acid hydro lys i s  of  the subs tance  fo rmed  main ly  D-galac turonic  ac id ,  and a lso  ga lac tose  and 
rhamnose  in a r a t io  of  1 -1.6,  and t r a c e s  of a rab inose .  The monosaccha r ide s  were  identified by PC and GLC in 
c o m p a r i s o n  with authentic s amples .  The galacturonic  acid was identified addit ionally by pape r  e l ec t ropho re s i s .  

The p r e p a r a t i o n  was homogeneous  accord ing  to the r e su l t s  of u l t racent r i fugat ion  and gel  f i l t ra t ion.  The 
m o l e c u l a r  weight of  the P A P - 1 2  ca lcula ted  f r o m  the r e su l t s  of  u l t racent r i fugat ion  was 18,000. Gel f i l t ra t ion 
on a column containing Sephadcx G-100 ca l ib ra ted  with s tandard  dex t rans  having m o l e c u l a r  weights of 15,000, 
20,000, and 40,000 gave  a value of 17,900, ag ree ing  with the r e su l t s  obtained f r o m  the r a t e  of sed imenta t ion  [4]. 
The cu rve  of the gel f i l t ra t ion of the po lysaccha r ide  showed a s ingle  peak  with an elution vo lume V e = 45 ml .  
2he IR s p e c t r u m  of PAP-12 ,  l ike the spec t r a  of pect ins  f r o m  o ther  sou rces  [5], had the  following absorp t ion  
bands (cm -i) :  1745 (stretching v ibra t ions  of the ca rbonyls  of  c a r b o x y  groups) ,  1600-1400 (vibration of an ionized 
ca rboxyl ) ,  1000-1150 (stretching v ib ra t ions  of  a py ranose  r ing) ,  and 760-960 ( symmet r i ca l  and a s y m m e t r i c a l  
v ib ra t ions  of a py ranos e  r ing).  

PAP-12 decomposed  under  the act ion of pec t inase .  Galacturonic  acid was found in the products  of e n z y -  
mat ic  hydro lys i s .  I t  was found that  the enzymat ic  hydro lyses  of  s u g a r - b e e t  pectin and of apple pect in  take place 
s i m i l a r l y .  This  p e r m i t s  the  assumpt ion  of the p r e s e n c e  of ~-1 ~ 4 bonds between the ga lac turonic  acid r e s idues .  
The high value  of the specif ic  rota t ion of the pect in  a l so  indicates  the a -conf igura t ion  of the glycosidic  bonds. 

When PAP-12 was oxidized with sodium per ioda te ,  i ts  consumpt ion amounted to 0.63 mole  p e r  anhydro unit. 
The polyaldehyde obtained in this  p r o c e s s ,  unlike the init ial  po lysaccha r ide ,  ro ta ted  to the le f t ,  [~]D 2° - 5 2  ° {c 
2.0 ~ wa te r ) ,  reduced  Fehl ing 's  solut ion,  and gave a pos i t ive  reac t ion  with anil ine phthala te .  Hydro lys i s  of the 
polyalcohol  obtained a f t e r  the reduct ion of  the polyaldehyde with sodium t e t r a h y d r o b o r a t e  fo rmed  rha mn o se  and 
t r a c e s  of ga lac turonic  acid.  The  detect ion of r hamnose  in this c a s e  shows that  i t  is  e i the r  a cen te r  of  branching 
o r  is  subst i tu ted a t  the C-3 hydroxyl .  

By the pa r t i a l  h y d r o l y s i s  of the PAP-12 ,  a po lysacchar ide  was i so la ted  which,  l ike  the init ial  subs tance ,  
had a high speci f ic  dex t ro ro ta t ion  and cons i s ted  sole ly  of D-galac turonic  acid r e s idues .  

On the b a s i s  of the r e s u l t s  of ac id ,  enzymat i c ,  and pa r t i a l  h y d r o l y s e s ,  IR s p e c t r o s c o p y ,  and per ioda te  o x i -  
dation i t  has  been es tab l i shed  that  PAP-12 cons i s t s  ma in ly  of ga lac turonic  acid  r e s idues  in the p y r a n o s e  f o r m  
connected by  ~-1 - - 4  bonds ,  toge ther  with r h a m n o s e ,  ga lac tose ,  and t r a c e s  of  a r ab inose .  

The pect in  of  s u g a r - b e e t  pulp is  s i m i l a r  to the pect in  of s u g a r - b e e t  l e aves  [6] but d i f fe rs  by a p r e d o m i -  
nance  of r h a m n o s e  among the neu t ra l  s uga r s .  
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EXPERIMENTAL 

The experiments  were  ca r r i ed  out with the sugar -bee t  pectin of  the Nal 'chik sugar  ref inery.  The a m m o -  
nium pectate was isolated by the method of Bhattecherjee and Timell  [7]. 

The descending paper  chromatography of sugars  was ca r r i ed  out in the b u t a n - l - o l - p y r i d i n e - w a t e r  (6 : 
4 : 3) sys t em on FN-7 paper  (GDR). The monosacchar ides  were  detected with aniline hydrogen phthalate  in wa-  
t e r - s a tu r a t ed  butanol at l l0°C.  For ana lys i s ,  the monosacchar ides  were  converted into the corresponding a ldo-  
nonitr i le  acetates  [8], GLC being per formed on a Tsvet-101 ins t rument  with a f lame-ionizat ion detector  using 
a steel  column (200 × 0.3 cm). The liquid phase used was 5% of XE-60 on Chromaton N-AW (0.200-0.250 mm),  
at  a r a t e  of flow of hel ium of 60 m l / m i n  and a t empera tu re  of the thermosta t  of 210 °C and of the evaporator  
of 270°C. The re la t ive  amounts of sugars  were  determined f rom the a r ea s  of the peaks.  

Paper  e lec t rophores is  was ca r r i ed  out in a horizontal  ins t rument  at  1100 V/7 mA in 1% acetic acid on 
FN-7 paper for 3 h. The IB spec t ra  were  recorded  on a UB-20 ins t rument  (tablets with KBr). 

The polysacchar ides  were  hydrolyzed in a sealed tube with 2 N H2SO 4 (95-100°C, 40 h). All solutions were  
evaporated in vacuum at 40 * 2°C. Ultracentrifugation was ca r r i ed  out on a MOM-3170 ins t rument  at 30,000 
rpm and a tempera ture  of 20°C with an exposure interval  of 5 min at an angle of rotation of 45 °, the f i rs t  ex- 
posure  being made af ter  17 min. The concentrat ion of the substance in aqueous solution was 1%. Found: S = 
1.41" 10 -13, D = 6.96 • 10 -7, mol. wt. 18,000. 

For gel f i l trat ion we used Sephadex G-100 (Free) with 0.3~0 NaC1 as eluent and solvent. The working volume 
of the column was 40 × 2 cm and the ra te  of flow 8 ml /h .  The f ree  volume of the column was determined with 
respec t  to dextran blue (V 0 = 25 ml). Calibration was ca r r i ed  out with dextrans having molecular  weights of 
15,000 (V e = 50 ml) ,  20,000 (ir e = 40 ml) ,  and 40,000 (V e = 32 ml). On the cohunn was deposited 1 ml of a 1% 
solution of the substance.  The eluates were analyzed by the phenol / su l fur ic  acid method [9]. The molecular  
weight of  the substance was determined f rom a cal ibrat ion graph expressing the dependence of the elution volume 
V e on the logar i thm of M n [10]. 

Enzymatic  H y d r o l y s i s .  To a solution of  100 nag of  the substance in 10 ml of water  was added 10 mg of  
pect inase (Fluka) diluted with hydrochlor ic  acid,  pI-I 4. The mixture  was incubated at 37°C for  48 h and was then 
boiled f o r  5 min to stop the enzymatic  hydrolys is ,  in paral lel ,  as control,  apple pectin was hydrolyzed by the 
pect inase.  The hydrolys is  products  were analyzed by the PC method, and galacturonic acid was detected. 

Per iodate  Oxidation. The PAP-12 (110 mg) was oxidized with 0.05 M solution of sodium metaper iodate  at  
room tempera tu re  in the dark.  The consumption of periodate was 0.63 mole per  anhydro unit. From the oxida-  
tion products  was isolated a polyaldehyde with a yield of 0.09 g,  [~]D 2° - 5 2  ° (c 2.0; water).  It gave a c o l o r a -  
tion with aniline phthalate and reduced Fehling's solution. 

Smith Degradation. A solution of 80 mg of the polyaldehyde in 5 ml of water  was t reated with 0.2 g of 
NaBH 4 and the mixture was left a t  room tempera ture  for  18 h. Then it was t rea ted  with Amberl i te  IR-120 (H +) 
and was evaporated severa l  t imes with methanol to el iminate boric  acid. Bhamnose and t r aces  of galacturonic 
acid were  found in the hydrolysa te  by PC and GLC. 

Isolation of the Galacturonan. The PAP-12 (0.3 g) was t reated with 2 N sulfuric acid (1:30) at 100°C for 
4 h. The precipi ta te  of galacturonan that deposited was separated off and was washed with 1% sulfuric acid,  
70% ethanol, acetone,  and ether .  Yield 0.145 g,  [~]D 2° +275 ° (C 1.0; water).  Galacturonic acid was found by 
PC and e lec t rophores is  in the products  of its complete acid hydrolys is .  When the galacturonan was t reated 
with pectLnase as descr ibed  above, galacturonic acid was formed.  

S U M M A B Y  

It has been established that the pectin fract ion PAP-12 with a molecular  weight of 18,000 f rom sugar -  
beet  pulp consis ts  mainly of  D-galacturonic  acid res idues  in the pyranose  form linked by ~-1 --- 4 bonds, t o -  
gether  with rhamnose ,  galactose ,  and t r aces  of arabinose.  
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The DADI spectra of the M + ions of hexamethyl ethers of three tautomeric forms of gossypol 
and of mixtures of them have been studied. A specific fragmentation pathway of M + for each 
form has been shown. On the basis of the results obtained, the amounts of the hexamethyl 
ethers of each tautomeric form produced in the methylation of gossypol have been found. 

The existence of gossypol - a natural aldehydonaphthol of plants of the family Malvaceae - in three tauto- 
meric  forms (aldehydic, lactol,  quinoid) have been suggested by Adams, the existence of each of the forms being 
confirmed by the preparation of corresponding derivatives [1]. 

It was la ter  shown by PMB spectroscopy that in weakly polar solvents gossypol exists predominantly in 
the dialdehyde form, while in aprotic solvents such as dimethyl sulfoxide a dynamic equilibrium is observed be-  
tween the lactol and aldehyde forms [2]. 

The existence of tautomeric forms of gossypol can be followed most c lear ly  by its methylation under var i -  
ous conditions [3, 4]. Mixtures of the tautomeric forms of gossypol hexamethyl ethers (GHMEs) are  obtained 
from which it is possible to isolate only the dialdehyde form (I) by column chromatography on alumina. Various 
methods of methylating gossypol by means of various methylating agents are  used to isolate the dilactol ([I) and 
monolactol-monoaldehyde (Ill) forms.  Consequently, the true quantitative ratio of the GHMEs formed and, the re -  
fore ,  the ratio of the tautomeric forms of gossypol preceding methylation has not hitherto been established. 

Structural features of the GI-IMEs have been studied with the use of various spectrometr ic  methods, in- 
cluding low-resolution mass spectrometry.  In the last  case,  the peak of the molecular ion appears at maximum 
intensity, which shows the great  stability of the GHME molecules to electron impact [4, 5]. 

The present  paper gives the results  of a study of the various tautomeric forms of the GHMEs in the indi- 
vidual state and of mixtures of them by the direct  analysis of daughter ions (DADI) [6, 7]. 

The DADI spectra of the M + ions of the GItMEs differ greatly from one another, giving a kind of wfinger- 
print" of each of the isomers  (Fig. 1, a-c).  

Scheme 1 shows the possible s t ructures  of the fragmentary ions detected in the DADI spectra of the M + 
ions (the vert ical  dashed lines denote that the second half of the GHME molecule remains unchanged). 
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